The anisotropy of physical properties is a well-known characteristic of many clay-bearing rocks. This anisotropy has important implications for elastic properties of rocks and must be considered in seismic prospecting. Preferred orientation of clay minerals is an important factor causing anisotropy in clay-bearing rocks such as shales and mudstones that are the main cap rocks of oil reservoirs. The preferred orientation of clays depends mostly on the amount of clays and the degree of compaction. To study the effect of these parameters, we prepared several samples compressing ͑at two effective vertical stresses͒ a mixture of clays ͑il-lite and kaolinite͒ and quartz ͑silt͒ with different clay/quartz ratios. The preferred orientation of the phases was quantified with Rietveld analysis on synchrotron hard X-rays images. Pole figures for kaolinite and illite display a preferred orientation of clay platelets perpendicular to the compaction direction, increasing in strength with clay content and compaction pressure, although quartz particles have a random orientation distribution. Aggregate elastic properties can be estimated by averaging the singlecrystal properties over the orientation distribution obtained from the diffraction data analysis. Calculated P-wave velocity anisotropy ranges from 0% ͑pure quartz sample͒ to 44% ͑pure clay sample, highly compacted͒, but calculated velocities are much higher than measured velocities. This is attributed to uncertainties about single-crystal elastic properties and oriented micropores and limited grain contacts that are not accounted for in the model. In this work, we present an effective method to obtain quantitative data helping to evaluate the role of clay percentage and compaction pressure on the anisotropy of elastic properties of clay-bearing rocks.
INTRODUCTION
Clay-bearing rocks such as shales and mudstones are very common. They are important because of their association with oil and natural gas reservoirs ͑e.g., Awaja and Bhargava, 2006͒ , and because of their role in managing aquifers in dangerous fluids disposal ͑e.g., Chadwick et al., 2004͒ . Their low permeability makes these materials excellent natural barriers to fluid flow ͑Bonin, 1998; Mallants et al., 2001; Bossart et al., 2002͒ . The understanding and characterization of properties in clay-bearing rocks is a key issue in both scientific and applied fields. Several authors have studied the relation between effective overburden, stress, porosity, velocity, and rock mechanical properties ͑Luo et al. , Pouya et al., 1998 Yang and Aplin, 1998; Nygård et al., 2004; Mondol et al., 2007͒ . Shales can display strongly anisotropic properties and this anisotropy is greatly influenced by the alignment of platelet-shaped clay minerals. During deposition, compaction, and diagenesis, clay minerals become oriented perpendicular to the maximum stress direction ͑Kawamura and Ogawab, 2004͒. Mineralogical changes during chemical diagenesis also cause significant changes in rock properties above about 70-80°C related to recrystallization of quartz, the smectiteto-illite transformation, and redistribution of detrital quartz. Another chemical process in shales affecting rock physical properties is dissolution of kaolinite and K-feldspar and precipitation of illite at temperatures above 130°C ͑Bjørlykke, 1998 and 1999; Kim et al., 1999͒ . Anisotropic properties of these rocks are linked in part to the preferred orientation ͑texture͒ of clay minerals. Thus a reliable quantitative analysis of the texture is fundamental in understanding anisotropic properties such as seismic velocities.
The anisotropic properties in mudstones and shales become evident in seismic prospecting for oil reservoirs ͑Banik, 1984; Vernik and Nur, 1992; Vernik and Liu, 1997͒ . For this reason, the influence of clays on seismic anisotropy has been studied extensively ͑Lo
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et al., 1986; Hornby, 1994; Sayers, 1994 Sayers, , 2004 Sayers, , and 2005 Johansen et al., 2004; Vanorio et al., 2003; Bobko and Ulm, 2008͒. Despite the importance of a quantitative analysis of preferred orientation in argillaceous rocks, only limited information is available. Poor crystallinity of clay minerals, low scattering power, structural disorder, and coexistence of several mineral phases limit the application of conventional techniques such as X-ray pole-figure goniometry or electron backscatter diffraction ͑EBSD͒. Nevertheless some results have been obtained ͑Sintubin, 1984; Van der Pluijm et al., 1994; Ho et al., 1999; Solum et al., 2003; Aplin et al., 2006͒. In recent years, a new technique for texture analysis has been developed and applied successfully. Synchrotron radiation facilities provide highly focused X-ray beams with high brilliance and energy, permitting analysis of small samples with low scattering power. The availability of two-dimensional position-sensitive detectors, such as image plates or CCD cameras, permits the simultaneous collection of a 2D diffraction image. The first texture analysis taking advantage of synchrotron radiation was applied to metals ͑Bäckstrøm et al., 1996; Heidelbach et al., 1999͒ . A decisive step has been the application of the Rietveld method ͑Rietveld, 1969; Young, 1993͒ with advanced texture-analysis algorithms such as WIMV ͑Williams-Imhof-Matthies-Vinel from Matthies and Vinel, 1982͒ to deconvolute continuous diffraction spectra, rather than relying on peak intensities. Availability of the MAUD software ͑Material Analysis Using Diffraction, Lutterotti et al., 1999͒ has Wenk et al., 2007 , Wenk et al., 2008a Wenk et al., 2008b͒. In the present study, we analyze preferred orientation of kaolinite and illite in experimentally produced samples with synchrotron hard X-ray diffraction to investigate the influence of clay amounts and compaction stresses. Compared to the natural samples investigated previously, the new experimental samples have a less complicated mineralogy and well-defined conditions to identify modeling factors that contribute to anisotropy.
SAMPLE PREPARATION AND MEASUREMENTS
Samples analyzed in the present study were prepared by combining clay minerals and quartz. The clay is a mixture of illite, mostly weathered mica ͑25% by weight͒ and kaolinite ͑75%͒, ground to less than 10 m. Quartz ͑silt͒ particles are less than 40 m in grain size. The powdered clays were purchased from Potterycraft Ltd., UK. Samples were obtained by mixing different amounts of clay and silt: 100%, 75%, 50%, and 25% of clay by weight. We prepared a pure silt sample as well. We mixed the powder with natural salt brine ͑sa-linity 34,000 ppm͒ to mimic burial conditions, forming a paste.
Compaction experiments were carried out at the Norwegian Geotechnical Institute ͑NGI͒ at the University of Oslo. The brine-saturated samples were placed into a high-stress oedometer cell, where a uniaxial effective stress ͑no lateral strain allowed͒ of 5 MPa and 50 MPa was applied on cylindrical samples. In addition, wave velocities parallel to the compression direction were measured ͑Mon-dol et al., 2007͒. Two SEM images of the prepared samples ͑75% clay content, compressed at 5 MPa and 50 MPa͒ appear in Figure 1 .
To obtain suitable samples for the synchrotron measurements, sample fragments ͑about 2 ϫ 2 ϫ 2 cm in extent͒ were embedded in epoxy resin to obtain an epoxy cylinder ͑2.5 cm diameter͒ including the clay sample. From these cylinders, 2-3-mm-thick slabs were prepared by careful cutting and polishing. Kerosene was used as a cooling agent in the cutting and polishing operations. These procedures were necessary to obtain cohesive samples and to avoid any clay-water interaction. The pure silt sample compressed at 5 MPa was not coherent enough to prepare a proper sample for analysis.
The diffraction measurements were carried out at the BESSRC 11-ID-C beamline at the Advanced Photon Source ͑APS͒ of Argonne National Laboratory. The sample slab was mounted on a goniometer head, facing the X-ray beam. Wenk et al. ͑2008b͒ provides a detailed view of the instrument setup. We used a MAR345 image plate detector ͑with a sample-detector distance of about 2 m͒. The wavelength was 0.10738 Å ͑high energy is advantageous to ensure maximum sample penetration and minimum absorption͒. Beam size was 0.5 mmϫ 0.5 mm. Each image is composed of seven measurements of 50 s each at different spots, by translating the sample horizontally over 2 mm. This improves counting and grain statistics by averaging over a larger sample volume and keeping the beam size small and thus resolution high. Each sample in our research was tilted around the horizontal axis to collect seven images at different goniometer tilt angles, from ‫מ‬ 45°to 45°, in 15°increments. One image covers only one great circle on the pole figure. Coverage is improved with images at different tilts ͑Figure 2͒. The coverage should be chosen so that main texture features are represented ͓such as the maximum of poles to lattice planes ͑001͒ for kaolinite͔. We chose an elliptically shaped pole figure to illustrate that this is not covered by data and thus is likely an artifact for the sample produced in axial compression. Two diffraction images in Figure 3 show the variation of intensity with azimuth along Debye rings that is an expression of texture. The image datafiles were processed with Fit2D software ͑Hammersley, 1998͒ to refine sampledetector distance, beam center, and detector nonorthogonality. Then images were integrated over 10°sectors to obtain 36 diffraction spectra ͑need-ed to study the azimuthal dependence of peak intensities͒ as shown in Figure 4 . Figure 5 ͑bottom͒ shows a stack of 36 spectra. This 2D plot highlights the variation of intensities with azimuth. 252 spectra were analyzed simultaneously on a dspacing range of 1.5-14 Å for each analysis. This range contains a sufficient amount of information for the analysis: large d-spacings need to be conb) a) Figure 1 . SEM backscattered images of samples containing 75% clay compacted at ͑a͒ 5 MPa and ͑b͒ 50 MPa. Compression axis is indicated by arrows. In ͑a͒, a bigger particle of detrital illite is highlighted ͑lower arrow͒. In ͑b͒, the arrow points toward a quartz grain.
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sidered with clays and many diffraction peaks are overlapped for low d-spacings.
Then we used MAUD software for the Rietveld refinement. A Rietveld refinement of powder X-ray diffraction data minimizes the difference between experimental and calculated diffraction data, accounting for experimental parameters, sample microstructure, crystal structure, and preferred orientation. Input files were created following the procedure presented by S. Merkel ͑2006͒. The first step of the Rietveld refinement is to determine instrumental parameters by using a standard material ͑annealed CeO 2 was used͒.
We analyzed the samples, taking into account sample-dependent parameters. Sample contribution to peak shapes were calculated using the Popa model ͑Popa, 1998͒. We chose this model to account for effects of particle size and microstrain because of its ability to take into account direction-dependent microstructural effects. The EWIMV algorithm ͑derived from WIMV, Matthies and Vinel, 1982͒ is a tomographic algorithm used in texture analysis and implemented in MAUD. It proved to be more efficient than other methods, such as spherical harmonics, that have limitations especially for lowsymmetry materials. Texture analysis using 10°grid cells for the orientation distribution ͑OD͒ was conducted without imposing sample symmetry. Based on intensity variations of all diffraction peaks with azimuth and sample tilt, it is possible to reconstruct OD of the crystallites and get quantitative information about preferred orientation patterns of individual phases ͑e.g., Matthies et al. 1997͒. In the Rietveld analysis, we used crystal structures of illite from Gualtieri ͑2000͒, kaolinite from Bish and Von Dreele ͑1989͒, and quartz from Kihara ͑1990͒. Nevertheless, a refinement of structure at the end of the analysis was necessary to obtain the best fit possible. The obtained fits have an average weighted pattern residual ͑R wp ͒ of 7.1%, which is satisfactory. Figure 4 shows experimental data ͑dots͒ and Rietveld fit ͑line͒ for a single spectrum. Deviations also are shown below. Figure 5 compares experimental data ͑bottom͒ with the Rietveld fit ͑top͒ for a stack of spectra, illustrating that intensity variations resulting from texture are well reproduced. The kaolinite in the sample was well ordered, and no complex models of disordered clay structure were necessary. Refined illite-and-kaolinite lattice parameters are listed in Table 1 .
EXPERIMENTAL RESULTS

Preferred orientation
As expected, samples with high clay content and higher compaction pressure show stronger texture. This is already evident by visual inspection of the raw diffraction images in Figure 3 , where two pureclay samples are shown. The main basal reflection of the illite and kaolinite is marked by arrows to show the strong intensity change with azimuth that indicates a strong texture, more pronounced in the sample with higher compaction ͑Figure 3b͒.
Basal reflections of the two clay minerals are the most important because they are representative of the large flat surfaces of clay platelets that display a preferred orientation perpendicular to the applied stress.
We obtained pole figures by exporting orientation distributions from MAUD to Beartex software ͑Wenk et al., 1998͒, where we applied a smoothing filter ͑10°͒ before calculating and plotting the pole figures. The pole figures for ͑001͒ lattice planes of kaolinite and illite for all samples are shown in Figure 6 . Pole figures are normalized and express pole densities in multiples of random distribution ͑MRD͒. Even though no sample symmetry has been imposed in the refinement, the pole figures display more or less axial symmetry, consistent with the compression experiment. Deviations from axial symmetry in some samples are attributed to incomplete coverage.As expected, the texture strength is higher for samples with higher clay content and compaction pressure. Figure 2 illustrates pole-figure coverage for kaolinite in the sample with 75% clays compressed at 50 MPa. In this case, slight deviations from the axial symmetry of the pole figure could be from partial pole-figure coverage. Before advancing to property calculations, we imposed axial symmetry, using the program CSEC ͑included in Beartex͒. Pole figures obtained after this procedure are shown in Figure 7 . We imposed axial symmetry to be consistent with the symmetry of the compaction experiment. These pole figures are similar to the ones without imposed symmetry. Some quantitative texture Figure 5. 2D plot of stack of 36 spectra ͑data from one image at 0°tilt͒ for the pure clay sample compacted at 50 MPa. The agreement of observed ͑bot-tom͒ and calculated ͑top͒ data is excellent. data extracted after symmetrization are shown in Table 2 . Texture peak widths have been obtained by fitting a cross section of the ͑001͒ peak with a Pseudo-Voigt ͑PV͒ function, a linear combination of Gaussian ͑G͒ and Lorentzian ͑L͒ peak functions, with the formula
in which is the mixing parameter, ⌫ is the full peak width at half maximum, and x is the distance from the peak center ͑in degrees͒. Fits were obtained with residual R 2 values between 0.98 and 0.99. A simple Gaussian distribution did not provide a satisfactory fit, especially for samples with stronger textures. It is interesting to point out that peak gaussianity decreases with increasing texture strength. Peak function is 16% Gaussian in the sample with higher texture strength and 81% Gaussian in the sample with lower texture strength. This issue could be important in the description of preferred orientation of clay minerals in modeling anisotropic properties of clay-bearing rocks. Examples of illite and kaolinite pole-figure sections are shown in Figure 8 . The difference in peak intensities and shape caused by the different composition is evident. Figure 9 shows the ͑100͒ and ͑001͒ pole figures of two samples, containing 75% clay and 25% silt at 5 MPa and 50 MPa. This figure illustrates that ͑100͒ poles of illite and kaolinite are on a girdle perpendicular to the compression direction. It also documents that quartz pole figures are nearly random. For a better comparison, the pole density scale is the same for all three mineral species.
Data presented in Table 2 show that texture is strongest for pure clay samples and for higher compaction pressure. Pure clay at 50 MPa shows strong maxima for illite and kaolinite, 7.50 MRD and 8.05 MRD, respectively. The maxima are also quite sharp: full widths at half maximum are 32.4°and 39.8°. Texture decreases as clay content decreases. As expected, the effective stress applied also has an important role in the development of texture in our samples. Stress is more effective for samples with high clay content. Illite and kaolinite show a similar but distinctly different response to the applied stress, with kaolinite always somewhat weaker in texture than illite at low compaction pressure. A possible explanation could be the difference in size and shape of the minerals. Figure 1a depicts a SEM image of the 5 MPa sample containing 75% clay. With higher compression stress ͑50 MPa͒, clay platelets show a stronger preferred orientation ͑Figure 1b͒. The effect of quartz particles is also very clear: clay particles tend to form a layer around larger quartz grains, with clay platelets parallel to quartz surfaces. This affects the preferred orientation effect because of compaction stress. This effect is visible in the quartz grain shown in Figure 1b . Clay particles size is not homogeneous: in the SEM images, particle size ranges from a few hundred nanometers to more than 10 m ͑e.g., the grain highlighted by an arrow in Figure 1a͒ .
Values of crystallite size obtained by Rietveld refinement using the Popa model ͑which permits consideration of the effect of crystallite-size anisotropy͒ 
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with stacking disorder ͑i.e., translation and rotation shifts of the basic layers that cause anisotropic peak broadening in the X-ray powder diffraction profiles͒ and is used here mainly as a fitting parameter. Stacking disorder is common in clay minerals as documented by TEM investigations ͑e. 
Anisotropy of physical properties
The contribution of individual mineral orientation to bulk anisotropic elastic properties can be estimated by averaging single-crystal elastic properties over the OD ͑Bunge, 1985͒. Elastic properties of clay single crystals are difficult to measure ͑Katahara, 1996͒, because of the small crystallite size. The only direct measurement to date of elastic properties on a single crystal was carried out on a dickite sample ͑Prasad et al., 2002͒ using atomic force acoustic microscopy. An indirect measurement of clay elastic parameters is presented by Wang et al. ͑2001͒, where some elastic parameters are extrapolated from measurement on clay specimens mixed with epoxy resin. More recently, elastic properties were obtained by first-principles calculations ͑e.g., Sato et al., 2005͒. We used values obtained from first principles ͑Sato et al., 2005͒ for kaolinite, and for illite, values obtained with Brillouin scattering for muscovite ͑Vaughan and Guggenheim, 1986͒. For quartz, we used elastic properties obtained by Heyliger et al. ͑2002͒ from resonance-ultrasound spectroscopy measurements.
We averaged single-crystal properties over the OD with the geometric-mean averaging method ͑Mainprice and Humbert, 1993; Matthies and Humbert, 1993͒ to obtain polycrystal tensors. 
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This seems to be more adequate than other averaging methods like Voigt and Reuss that provide, respectively, upper and lower bounds ͑with uniform strain and stress, respectively͒. In axially symmetric materials, the elastic tensor is reduced to five independent stiffness coefficients: C 11 , C 13 , C 33 , C 44 , and C 66 ͑in Voigt notation͒, listed in Table 3 ͑see also the approach in Cholach and Schmitt, 2006͒. A weighted average ͑considering volume fractions obtained from X-ray diffraction data͒ was calculated from polycrystal tensors for each mineral phase to obtain the polyphase tensor -a tensor averaging the properties of the bulk mineral content of the material. Finally from polyphase tensors we calculated velocity surfaces V p , V s1 , and V s2 using Christoffel's equation. Software to calculate polycrystal tensors, polyphase tensors, and wave velocities is included in Beartex. Polyphase V p ͑Figure 10a͒ and ⌬V s variation ͑Figure 10b͒ of samples show increasing anisotropy with texture, i.e., an increase of the preferred orientation with the increase of clay content and stress.
Numerical values in Table 3 also emphasize the influence of clay content and compaction pressure to preferred orientation and anisotropy with near-isotropy in the pure quartz sample ͑C 11 Ϸ C 33 and C 44 Ϸ C 66 ͒. P-wave anisotropies A ‫ס‬ 200͑V max ‫מ‬ V min ͒/͑V max ‫ם‬ V min ͒ range from 0.3% to 44%.
Ultrasonic V p -and V s -wave velocities parallel to the compaction stress were measured in the laboratory ͑receiving transducers had a functional resonant frequency of 500 kHz͒ and are listed in Table 4 , where they are compared with calculated velocities. We need to emphasize that calculated velocities do not take into account the contribution of cracks and pore distribution. They give an intrinsic value arising from crystal alignment. Ultrasonic velocities are higher in the 75% clay sample, probably because of a matrix effect ͑a stronger grain framework͒, in accordance with Marion et al. ͑1992͒.
DISCUSSION
In this study, we describe a method to obtain intrinsic elastic properties of clay-silt mixtures at different compaction pressures from a quantitative-orientation distribution analysis of constituent minerals. With intrinsic elastic properties we imply the contribution of the Figure 10 . Calculated polyphase ͑a͒ V P and ͑b͒ ⌬V S velocity plots for all samples studied. mineral phases only, without taking into account parameters such as porosity ͑amount, pore-size distribution and aspect ratio, pore content, etc.͒, crystal-size distribution, or particle connectivity. Cholach and Schmitt ͑2006͒ employ a similar approach to shales -they apply different theoretical lattice-preferred orientation models, from anisotropic to fully isotropic, using a Gaussian distribution of the crystal platelets in the material. This method works well for metals ͑e.g., Bunge, 1985͒ and igneous and metamorphic rocks ͑e.g., Barruol and Kern, 1996͒ but obviously the situation is more complicated for shales. Figure 11 compares calculated and experimental P-wave velocities. Both illustrate the systematic changes with clay content and compaction pressure, but calculated velocities are about twice as high as those measured. Similar discrepancies have been recorded for natural shales ͑e.g., Wenk et al., 2008b͒. The simplified model that does not take porosity into account gives overestimated velocities. However, it still provides a useful basis to develop more sophisticated models that can include porosity-related parameters ͑Han et al., 1986; Klimentos and McCann, 1990; Klimentos, 1991 . Reliable quantitative-orientation distributions of mineral phases are a critical ingredient for these models. Synchrotron hard X-ray diffraction has proven to be an effective method to provide this information.
From values listed in Table 2 , we can see that compaction pressure and clay amount are important factors that favor preferred orientation, but a considerable amount of preferred orientation is already present in the sample with lowest compaction pressure and clay percentage: 2.08 MRD and 1.63 MRD for illite and kaolinite ͑001͒ maxima, respectively. These values are very close to the sample with the same clay percentage but compressed at 50 MPa. If we compare these two samples with the pure-clay samples, we can see that compaction pressure has little effect in samples with a low clay percentage, probably because the framework of silt or sand grains carries most of the stress. The compaction effect is much stronger in samples with higher clay content: at 50 MPa, pole-figure maxima for pure-clay phases are 7.50 MRD and 8.05 MRD for illite and kaolinite, respectively, at 50 MPa. However at 5 MPa, maxima values drop to 5.26 MRD and 4.11 MRD. It is noteworthy that for all samples, except for pure clay and 50 MPa, the ͑001͒ minimum is close to 0.5 MRD or higher, indicating that a large number of crystallites are randomly oriented. One can see that this is plausible by looking at the microstructure with many bent and obliquely oriented particles ͑Figure 1͒.
Values for illite and kaolinite differ slightly: illite seems to be less influenced by compaction stress. A possible explanation of this behavior could be that the illite used in the mixture is detrital mica, which is stiffer elastically than kaolinite and has a larger grain size. For authigenic illite, we would expect the opposite behavior with a stronger preferred orientation of kaolinite that was observed in natural shales ͑Wenk et al. 2008a; Wenk et al., 2008b͒. Polyphase velocities calculated from the data collected with the diffraction experiment display significant anisotropy ͑Table 3͒. For the material studied, the V p anisotropy reaches its maximum in the pure-clay sample compacted at higher pressure, where a 44% anisotropy is estimated with a 4.5 km/s velocity parallel to the compression axis and 7.1 km/s perpendicular to it ͑i.e., in the direction perpendicular to the layering in a transversely isotropic medium͒. In the same sample, shear-wave-splitting ⌬V s is 1.23 km/s. Samples with a low clay amount show weak but distinct anisotropic properties ͑2.2% and 3.7% V p anisotropy for 5 MPa and 50 MPa effective stress, respectively͒.
The differences between measured ͑unfortunately only parallel to the compression axis͒ and calculated wave velocities are evident in Figure 11 for P-waves. The difference between calculated and measured velocities is large because pores and crack effects are very important for both acoustic velocities and anisotropy ͑Brace, 1965; Walsh, 1995; Kern, 1978͒ . Intrinsic values calculated from preferred orientation alone are not realistic for the low-pressure regime, where porosity and cracks are significant factors. Also our model does not take into account matrix effects: this can explain the discrepancy illustrated in Figure 11 . Our calculated values are upper limits for acoustic velocities. Table 4 . P-and S-wave velocities parallel to the compression direction, measured in the high-stress oedometer and calculated from the polyphase tensor obtained from preferred orientation data.
Measured velocities
Calculated velocities To summarize the anisotropic properties, we plotted V p max versus V p min in Figure 12a . This graph shows clearly the increasing anisotropy of samples from isotropy ͑100% silt͒ to very strong anisotropy. Figure 12b illustrates 
a) b)
Figure 12. ͑a͒ V P max/V P min plot and ͑b͒ Thomsen parameters and ␦ plot. The average value of less porous "hard shales" obtained by Wang ͑2001͒ is plotted as a comparison.
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densities for kaolinite, dominant clay phase. Calculated and measured values are in good agreement for the pure-clay sample, but with the introduction of silt in the system we can see that strains are underestimated. The application of this method seems unreliablein samples with high silt percentages, probably because the initial assumption of homogeneous deformation cannot be applied -the silt does not deform homogeneously.
CONCLUSION
Synchrotron X-ray diffraction, combined with the Rietveld method for data analysis, proved to be a very effective analytical technique to obtain quantitative texture information about clay composites, even in samples consisting of several mineral phases. Now this method is available for a wide range of applications to determine microstructural characteristics of clay-rich rocks. The preferred orientation patterns of experimentally compressed illite, kaolinite, and quartz mixtures show increasing texture strength as a function of clay content and compaction stress. This can be used to better understand the alignment of crystallites in fine-grained sediments.
Based on preferred orientation data, intrinsic acoustic-wave velocities have been calculated for the aggregate by averaging. Velocity anisotropies for V p range from 0% for pure silt to 44% for the pure clay sample compressed at 50 MPa, which is comparable to anisotropies reported in the literature. Samples with high sand and silt contents are nearly isotropic with respect to P-and S-wave velocity at all stress conditions. However, the calculated velocities are higher than those measured in the laboratory because our model does not take into account factors such as pore geometry and distribution or grain contacts. Nevertheless, quantitative texture information is an intrinsic ingredient for a comprehensive model of anisotropic properties of clay-bearing rocks.
The experiments illustrate that the degree of anisotropy in mudstones is a function of the primary composition and compaction and thus relevant for understanding sedimentary facies.
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